
fpsyg-12-662265 September 29, 2021 Time: 15:12 # 1

ORIGINAL RESEARCH
published: 29 September 2021

doi: 10.3389/fpsyg.2021.662265

Edited by:
Shelley Shaul,

University of Haifa, Israel

Reviewed by:
Elena Florit,

University of Verona, Italy
Ralph C. A. Rippe,

Leiden University, Netherlands

*Correspondence:
Paola Bonifacci

paola.bonifacci@unibo.it

Specialty section:
This article was submitted to

Educational Psychology,
a section of the journal
Frontiers in Psychology

Received: 31 January 2021
Accepted: 09 August 2021

Published: 29 September 2021

Citation:
Bonifacci P, Compiani D, Affranti A

and Peri B (2021) Home Literacy
and Numeracy Interact and Mediate

the Relationship Between
Socio-Economic Status and Early

Linguistic and Numeracy Skills
in Preschoolers.

Front. Psychol. 12:662265.
doi: 10.3389/fpsyg.2021.662265

Home Literacy and Numeracy
Interact and Mediate the
Relationship Between
Socio-Economic Status and Early
Linguistic and Numeracy Skills in
Preschoolers
Paola Bonifacci* , Diego Compiani, Alexandra Affranti and Benedetta Peri

Department of Psychology, University of Bologna, Bologna, Italy

This longitudinal study aimed at evaluating the relationships between socio-economic
status (SES) and early literacy and numeracy skills, testing home literacy and home
numeracy as mediators. It also investigated the interaction of home literacy and
numeracy on early literacy and numeracy skills. The study involved 310 preschool
children attending the second and the third year. Parents completed questionnaires on
SES and home literacy and numeracy. In the first session, children were administered
language measures and non-symbolic numeracy skills and, in the second wave, tasks
of early literacy and symbolic numeracy skills. Structural equation models (SEMs)
showed that SES was predictive of early language and literacy skills and non-symbolic
numeracy skills. In addition, home literacy and home numeracy significantly mediated
the relationships between SES and children’s skills. Finally, home literacy and home
numeracy showed a significant negative interaction on symbolic numeracy skills.
Implications for research and educational settings are discussed.

Keywords: socio-economic status, early literacy, early numeracy, home literacy, home numeracy

INTRODUCTION

The role of the home environment in early literacy and numeracy development has
received progressively increasing attention, also according to theoretical models such as
Neuroconstructivism (Westermann et al., 2007), that emphasize the role of environmental variables
on children’s cognitive development. Children who grow up in families with low socio-economic
status (SES) often exhibit delays in school readiness. These delays might undermine their
academic goals and might lead to a lifelong trajectory of underachievement, school dropout, and
underemployment, compared to children from families of higher SES (Bradley and Corwyn, 2002).
Delays in school readiness are part of a larger set of disparities associated with low SES, which
confers elevated risks in diverse areas of behavioral skills (Adler and Newman, 2002) and health
outcomes (Case et al., 2002). Sirin (2005) defines SES as “the individual’s or a family’s ranking
on a hierarchy according to access to or control over some combination of valued commodities
such as wealth, power, and social status” (Sirin, 2005, p. 418). Bollen et al. (2001) suggest that
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(SES) “refers to the position of individuals, families, households,
or other aggregates on one or more dimensions of stratification.
These dimensions include income, education, prestige, wealth, or
other aspects of standing that members of society deem salient.” (p.
157). However, the debate on how to operationalize SES is still
ongoing. The choice of SES measure usually includes education,
occupation, and income (Brese and Mirazchiyski, 2013), but also
possessions (e.g., books and personal computers) and, in some
cases, the concept extends to cultural and social capital (e.g.,
relationships). The choice of measures might depend on many
factors (Broer et al., 2019), such as the conceptual relevance at the
time of the study, the applicability of the measure to the specific
populations being studied, and comparability with measures used
in other studies. Parental education has been identified as the
index with the strongest associations with children’s educational
outcomes (Davis-Kean, 2005), strongly correlated with other
important SES indicators (Sirin, 2005). As suggested by Hannon
et al. (2020), disadvantage does not inhere in individuals; but
might be the results of relationships between individuals, society,
and the school system. It is, therefore, possible that disadvantaged
families’ literacy does not match school literacy as closely as does
advantaged families’ literacy. Living in poverty predicts parents’
resource strain in terms of both material resources and emotional
and psychological resources, possibly impacting the quantity and
quality of home literacy and numeracy activities the children
are exposed to Elliott (2020). In this regard, many studies have
found evidence of a positive relationship between home literacy
and early literacy skills (Sénéchal et al., 1998) and between home
numeracy and early numeracy skills (Skwarchuk et al., 2014).
However, past research demonstrates that associations between
SES and home literacy are typically moderate in magnitude
(Linver et al., 2002; Davis-Kean, 2005; Mistry et al., 2010; Elliott,
2020), suggesting high levels of variability within both low- and
high-SES families in their support for home learning.

Furthermore, less evidence has been collected about the
relationship between SES, home numeracy, and early numeracy
skills. Finally, although many studies investigated the effects of
SES on school achievements longitudinally (see for a review
Bradley and Corwyn, 2002), fewer longitudinal studies are
available that consider the impact of SES on specific literacy and
numeracy subdomains in preschool years, including the home
learning environment as mediator (e.g., Park, 2008; Elliott, 2020).
Further, no evidence is available in this regard for the Italian
context. Based on these considerations, in a sample of Italian
preschoolers, the present study investigated how SES is related to
different subdomains of language and literacy skills and symbolic
and non-symbolic numeracy skills in preschool children in two
different time moments, the second and third year. Further, it
analyzed the interaction of home literacy and numeracy on early
literacy and numeracy skills.

SES, Early Literacy and Numeracy Skills,
and Home-Related Activities
Considering the influence of SES on development, children from
low SES families have been found to lag behind their high-SES
peers in language skills, such as vocabulary, grammar, narrative

skills, phonological awareness, speed of language processing (see
Hoff, 2013 for a review), listening comprehension (Bonifacci
et al., 2020), and reading attitudes (Hemmerechts et al., 2017).
There is also some evidence that SES might be related to
math skills (e.g., Reardon and Portilla, 2016), although less
evidence has been collected in this regard and with somehow
contrasting results.

Previous studies have shown that parental involvement at
home is unequally distributed by SES (Bradley and Corwyn, 2002;
Buckingham et al., 2014). Hemmerechts et al. (2017) also found
that children with a lower SES experience more late parental
involvement in literacy activities than children with a higher
SES and that late parental involvement in literacy activities is an
adjustment for worse or better reading literacy during primary
school. Thus, SES levels might influence cognitive and literacy
development mediating the educational opportunities that can
be achieved (e.g., exposure to books, reading practice, quality of
schools, etc.), with possible long-term outcomes (Suggate et al.,
2018). It has been suggested that home activities may serve as a
buffer that promotes resilience in the context of low-SES (Benzies
and Mychasiuk, 2009), although literature reports diverse effects
sizes and patterns of moderators (Inoue et al., 2020).

Considering language and literacy skills, Hoff (2003) found
a higher degree of lexical diversity (type/token ratio) and
more complex utterances (mean length of utterances, MLUs)
in children of high-SES mothers, compared to those with
lower SES. Further, SES levels might influence linguistic and
literacy development mediating the educational opportunities
that can be achieved (e.g., exposure to books, reading practice,
quality of schools, etc.). The quality of the home literacy
environment (Sénéchal et al., 1998) is a good predictor of
children’s literacy attainments. van Steensel (2006) followed
a sample of children in the Netherlands from the end of
kindergarten until second grade and found a tendency toward
an enriched home literacy environment as the educational level
(EL) of the mother increased. Sénéchal (2006) suggested that
home literacy experiences might be viewed as proximal variables
that can directly affect child outcomes, whereas SES should be
considered a distal cause.

Considering the relationship between SES and math skills,
most authors suggested a positive relationship (Duncan and
Magnuson, 2011; Reardon and Portilla, 2016), although there
are more minor studies than the literacy domain and significant
differences between countries and different school systems
(Baird, 2012). In addition, SES disparities are differently related
to subcomponents of numeracy skills, with higher discrepancies
in the verbal and symbolic aspects of numeracy skills and minor
differences in performance in non-verbal and non-symbolic
tasks (for a review, see Jordan and Levine, 2009). There was
also contrasting evidence concerning the relationship between
SES and the quantity of home learning activities (Elliott and
Bachman, 2018). Silinskas et al. (2010) showed that mothers
and fathers with low SES backgrounds reported more teaching
of reading and numeracy than mid-SES parents; also, the lower
the children’s academic performance at the beginning of primary
school, the more teaching by mothers and fathers was reported.
These results suggest that parents might adaptively adjust the
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frequency of home literacy and numeracy activities to the child’s
performance level, even when they had low SES. Similar results
were found by LeFevre et al. (2010) and Niklas and Schneider
(2014). There are, however, studies that did not find a relationship
between SES and home numeracy (de Keyser et al., 2020).
Others instead found that higher SES children were exposed
to higher quality numeracy activities than lower SES children
(DeFlorio and Beliakoff, 2015).

Finally, SES might differently interact with home
literacy/numeracy effects. For example, Leyva et al. (2017)
found that maternal writing support predicted gains in children’s
reading skills in ethnically diverse low-income mothers.
Still, numeracy support did not predict improvements in
children’s math skills.

Early Literacy and Numeracy Skills
Complex mathematical abilities and mature literacy skills
(decoding and reading comprehension) are trained at school, but
during preschool years children already spontaneously develop
basic calculation skills (Levine et al., 1992) and show literacy-
related skills such as phonemic awareness and letter knowledge
(Ehri et al., 2001). Also, it has to be underlined that literacy and
numeracy skills are related (Cirino et al., 2018; Koponen et al.,
2020), and some studies found that early literacy predicts early
numeracy skills (Tobia et al., 2016) and later mathematical skills
(Hecht et al., 2001).

Early numeracy abilities involve the understanding of
magnitudes and the development of numerical processing skills
and are manifested during the first few months of life in
humans from various cultural backgrounds (Xu et al., 2005).
The approximate number system (ANS) (Dehaene, 1992, 2001)
is a core mechanism involved in number processing that
allows to quickly understand, approximate, and manipulate
numerical quantities. Based on von Aster and Shalev’s (2007)
model, non-symbolic numerical processing is followed by the
acquisition of verbal labels for numbers, and then the child
progressively acquires the written code for numbers. Previous
literature has documented that the main predictors of math skills
from preschool to primary school include quantity comparison
(Clarke and Shinn, 2004) and number knowledge (Göbel et al.,
2014). In addition, some studies found a specific effect of
other basic number skills such as size seriation and counting
(Tobia et al., 2016). From a developmental perspective, some
studies proposed that language is essential for the growth of
numerical competencies (Hauser et al., 2010), and mathematical
language was found to be a unique significant predictor
of numeracy performance (Purpura and Logan, 2015). The
relationship between non-verbal approximate numerical abilities
and symbolic number knowledge is, therefore, controversial.
Some authors suggest that ANS forms a crucial conceptual
foundation for understanding symbolic number words (Gallistel
and Gelman, 1992, 2000; Wagner and Johnson, 2011). However,
other studies failed to find a relationship between the two
(Huntley-Fenner and Cannon, 2000).

As far as literacy is concerned, previous reviews have outlined
how letter knowledge and phonemic awareness represent
strong predictors of later decoding skills (Torppa et al., 2006;

Caravolas et al., 2013; see Bellocchi et al., 2017 for Italian).
Conversely, general linguistic skills, such as vocabulary and
morpho-syntactic comprehension, might act as first precursors
of the emergence of early literacy skills (phonological awareness
and letter knowledge) but are instead considered a direct
longitudinal predictor of later reading comprehension skills
(Foorman et al., 2015; Hulme et al., 2015).

Home Literacy and Home Numeracy
Many studies have addressed the role of home literacy activities
in literacy development (Evans et al., 2000; Sénéchal and LeFevre,
2002; Foy and Mann, 2003; Hood et al., 2008; Stephenson
et al., 2008) and that of home numeracy activities in numeracy
development (Blevins-Knabe and Musun-Miller, 1996; Pan et al.,
2006; LeFevre et al., 2009; Kleemans et al., 2012, 2016). Most of
the literature on home literacy and home numeracy was obtained
through parents’ self-report questionnaires (e.g., Sénéchal and
LeFevre, 2002; LeFevre et al., 2009), suggesting that parents’
reports can be considered suitable tools in this research field
(Sim et al., 2019).

Previous research found that home literacy, that is, exposure
to books and reading in the familiar context, is positively related
to early language skills such as expressive and receptive language
(Payne et al., 1994; Roberts et al., 2005) and early literacy skills,
such as letter knowledge, phonological awareness (Evans et al.,
2000; Foy and Mann, 2003; Hood et al., 2008; Stephenson et al.,
2008). Some studies also suggested that parents may also foster
the development of writing competence (Wollman-Bonilla, 2001;
Reutzel et al., 2005; Saint-Laurent and Giasson, 2005; Puranik
et al., 2018; Hofslundsengen et al., 2019; Guo et al., 2020). In
addition, the Home Literacy Model (Sénéchal and LeFevre, 2002;
Sénéchal, 2006; Sénéchal et al., 2017) suggests that parent–child
interactions on code-related activities, such as the teaching of
reading and spelling (formal activities), are related to reading
development. In contrast, meaning-related activities, such as
parents’ shared book reading with their children (informal
activities) (Sénéchal, 2006), are predictors of oral language skills
and later reading comprehension (Hulme et al., 2015).

However, some contrasting results are reported in the
literature on the relationship between home literacy and early
literacy skills. A study by Inoue et al. (2020), conducted on
children from first to second grade, found that home literacy
formal activities were associated with better letter knowledge
or phonological awareness in Dutch and Greek, while access
to literacy resources was related to emergent literacy skills in
all languages. On the counterpart, informal activities such as
shared book reading did not predict any cognitive or early literacy
skills in any language. Bonifacci et al. (2021) did not find direct
relationships between home literacy and early literacy skills in a
path model including cognitive skills, although the two domains
had significant correlation indexes.

Indeed, many pieces of evidence now indicate that parents
also matter in the development of children’s numeracy skills
and recognize the influential role of home numeracy activities
(LeFevre et al., 2009), defined as the parent–child interactions
that include experiences with numerical content in daily-life
settings (Mutaf Yildiz et al., 2018). Considering the role of home
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numeracy in early numeracy skills, positive relationships have
been found (Blevins-Knabe and Musun-Miller, 1996; Pan et al.,
2006; LeFevre et al., 2009; Kleemans et al., 2012, 2016; Bonifacci
et al., 2021). Home numeracy can be conceived as a multifaceted
domain, and its relationship with children’s numeracy skills
might be differentiated based on direct (formal) versus indirect
(informal) activities (LeFevre et al., 2009; Skwarchuk et al.,
2014). Direct activities focus on counting and teaching numbers
and have been found to be related to children’s symbolic
numeracy abilities. In contrast, indirect activities have been
found to be related to children’s non-symbolic numeracy abilities.
They involve playing games with numbers (e.g., dice) or doing
everyday activities where you need to count. Other authors
also highlighted the importance of “math talk,” which can be
considered another aspect of home numeracy and is referred to
how parents use number words in everyday life (Braham et al.,
2018). Elliott et al. (2017) found that parents’ use of numbers
larger than 10 was positively and significantly related to children’s
numeracy skills even when controlling for parents’ overall talk. It
has also been found that intervention directed to parents leads
to enhanced home numeracy activities and significant gains in
children’s early numeracy skills (Niklas and Schneider, 2014).
However, some studies did not find a significant association
between home numeracy and children’s early numeracy skills
(e.g., Blevins-Knabe et al., 2000; de Keyser et al., 2020). Other
studies showed differential effects of formal and informal home
numeracy activities on different domains of number processing
skills (Manolitsis et al., 2013; Kleemans et al., 2016; Mutaf Yildiz
et al., 2018). Mutaf Yildiz et al. (2018) found that formal home
numeracy was related to enumeration skills; informal home
numeracy was related to calculation and symbolic processing, but
there were no relationships with non-symbolic processing. In a
meta-analysis by Mutaf- Yildiz et al. (2020), it was concluded that
only advanced home numeracy interactions were associated with
children’s numeracy skills, but not basic ones.

A relatively minor number of studies have directly investigated
the cross-domain effects of home literacy on numeracy and
those of home numeracy on literacy. These studies tried to
understand whether home-learning experiences might have
specific effects only on their direct domains (home literacy for
literacy and home numeracy for numeracy) or, instead if there
are cross-domains effects, that is home literacy affecting early
numeracy skills and home numeracy affecting early literacy
skills (Melhuish et al., 2008; Skwarchuk et al., 2014). Baker
(2014) found that the home literacy environment was related
to reading but not numeracy in Mexican preschool children,
whereas other studies have reported that numeracy skills are
associated with home literacy experiences at least as strongly
as with home numeracy experiences (LeFevre et al., 2009,
2010; Anders et al., 2012). Similarly, Soto-Calvo et al. (2020)
found that home literacy was predictive of numeracy skills.
Huntsinger et al. (2016) demonstrated that home numeracy
activities predicted both numeracy and literacy skills, both
concurrently and longitudinally, whereas home literacy activities
predicted reading scores concurrently. Similarly, Napoli and
Purpura (2018) reported that the home literacy environment
was not broadly predictive of children’s literacy and numeracy

skills, but they found that the home numeracy activities predict
a specific aspect of children’s literacy development (vocabulary).
Bonifacci et al. (2021) found that home numeracy was directly
linked to early numeracy, but in their SEM model, there was
no reciprocal interaction between home literacy and numeracy
skills and between home numeracy and literacy skills. In this
study, however, cognitive skills of executive functions (EFs) and
working memory were also included in the model.

The Present Study
Within a longitudinal design involving 4- and 5-years old
children attending preschool, the present study was aimed
at evaluating the relationships of SES with early language
and literacy skills and that of SES with early non-symbolic
and symbolic numeracy skills, considering the role of home
literacy and numeracy as potential mediators. Further, we
evaluated the interaction of home literacy and numeracy on early
language/literacy and symbolic/non-symbolic numeracy skills,
including SES as a potential mediator. Home literacy and home
numeracy were evaluated as single constructs and included both
direct (formal) and indirect (informal) activities. To fulfill the
project’s aim, we administered children two different sets of
measures in the first and second waves of assessment. In the first
wave, we evaluated measures that were thought to be adequate
for the age range, and that first emerge in the developmental
trajectory of literacy and numeracy skills. Therefore, we included
vocabulary and morpho-syntactic comprehension as a proxy
of language skills and non-symbolic quantity comparison and
seriation as precursors of numeracy skills. Then, in the second
wave, we choose measures of letter knowledge, early writing,
and phonological awareness as indexes of early literacy skills and
symbolic number recognition and biunivocal correspondence as
indexes of early numeracy skills.

The main objectives and expected results of the study were the
following:

1. Considering SES, we aimed to evaluate if it predicts both
home literacy and numeracy activities and children skills.
Based on previous studies, strong evidence suggests that SES
predicts early language skills (vocabulary, morpho-syntactic
comprehension) and, in turn, early literacy skills. However,
for the latter, an intervening role of school activities might
damper the influence of SES. Concerning early numeracy,
minor evidence is available and reported high variability
between countries and different school systems (Baird, 2012).
Some authors suggested a more substantial role of SES for
symbolic, rather than non-symbolic, numeracy skills. Within
this framework, we expect SES to predict both early language
and literacy skills. We also expect a relationship between SES
and early numeracy skills, although possibly lower than the
relationship between language and literacy measures. Further,
we expect stronger relationships in the first wave of assessment
due to the potential intervening role of school activities on
the second wave. Finally, we also expect SES to have a direct
relationship with both home literacy and home numeracy
(Jordan and Levine, 2009).
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2. Regarding home literacy and home numeracy activities,
we expect direct relationships between home literacy and
language and literacy skills and between home numeracy and
non-symbolic and symbolic numeracy skills. Further, we aim
to evaluate if they mediate the role of SES on children’s skills.

3. Finally, we aim to evaluate the interaction’s effect between
home literacy and numeracy on children’s literacy and
numeracy skills, including SES as a mediator. Since relatively
more studies reported an effect of home literacy on numeracy
compared to that of home numeracy on literacy, we expect the
interaction to be associated with numeracy skills rather than
with language and literacy skills.

Previous results on the Italian context did not find a direct
relationship between home literacy and early literacy skills, nor
evidence of an interaction between language and numeracy skills.
Therefore, variations due to different socio-educational contexts
might be expected with respect to previous literature.

MATERIALS AND METHODS

Participants
A total of 310 Italian monolingual children (females = 55.2%)
were involved in the study in two times points: in the spring of
the second year of preschool (mean age = 56.95 months ± 3.66),
and 1 year later, in the spring of the third year of preschool
(mean age = 68.55 months ± 3.47). Parents of children received
the questionnaires about SES and home literacy and numeracy.
All children attended a public all-day preschool program in Italy
where the Laboratory for the Assessment of Learning Disabilities
(LADA) of Bologna University’s Department of Psychology was
running the LOGOS project, funded by the Municipality of
Bologna, which is aimed at the early identification of literacy
and numeracy skills. None of the children had been referred to
neuropsychiatric units for any range of developmental disorders
or sensory or neurological impairments. Thus, the sample was
relatively homogeneous for educational exposure, considering
that all the teachers received training on early literacy and
numeracy skills within the project. The Italian preschool program
is a 3-year program that involves children from 3 to 6 years.
During these preschool years, formal instruction regarding
literacy and numeracy skills is not provided. However, children
are engaged in activities that are aimed at improving socialization
and numeracy and linguistic development.

The parents of all children involved in the study gave
their informed consent, and the Bioethical Committee of the
University of Bologna approved the LOGOS project (prot. 1470,
October 2, 2017).

Materials
Background Information
Information regarding the parents’ socio-EL and occupation was
collected and scored, according to the Four Factor Index of Social
Status (SES) (Hollingshead, 2011), to achieve a composite score
for each child’s SES. For the present study, indexes of EL and
occupation (O) were used. Thus, a score from 1 to 7 is given

for EL and a score between 1 and 9 for occupation. SES scores
for fathers and mothers were then calculated according to the
formula EL× 3 + O× 5, and a compound SES score for children
derived from the mean of the two values.

Home Literacy and Home Numeracy Questionnaire
A questionnaire assessing home literacy and home numeracy
activities was administered to parents. Parents could complete
it together or by who spends more time with the child, usually
the mother. In line with other studies that adopted a similar
approach, we opted for a short questionnaire that is easy to
fill out by parents to encourage greater adherence to the study
(Stephenson et al., 2008; Manolitsis et al., 2013; see also Bernabini
et al., 2020b; Bonifacci et al., 2021). The questionnaire included
four questions on home literacy activities. Two were referred
to more formal activities [“How often do you and your child
read or write letters of the alphabet?”; “How often do you
and your child use games (even on Tablet or PC) that involve
letters?”] and two to informal activities (e.g., “How often do
you and your child sing nursery rhymes?”; “How often do you
and your child read books or tell stories?”). Then, there were
four questions on home numeracy activities, two related to
direct (formal) activities [“How often do you and your child
read or write numbers”; “How often do you and your child use
games (even on Tablet or PC) that involve numbers”?] and two
related to indirect (informal) activities [“How often do you and
your child count objects?”; “How often do you and your child
do simple calculations (2 + 1 = 3) in games or during other
daily activities?”]. Responses were on a five-point Likert scale,
from “never” to “everyday.” Sums of scores of each subscale
(home literacy and home numeracy) were used in the analyses.
Maximum score for each subscale was 20. Reliability for each
scale was sufficient for the present sample (Home numeracy:
Cronbach’s alpha = 0.69; Home literacy: Cronbach’s alpha = 0.67).

Children’s Measures for the First Wave of
Assessment (Second Year of Preschool)
Language Skills
The following tasks taken from the Learning Difficulties Indexes
(IDA; Bonifacci et al., 2015) were used in the present study:

1. Vocabulary. Children were asked to name 36 images disposed
on three grids with 12 images each selected for decreasing
frequency in spoken language (Burani et al., 2001). The
accuracy score, ranging from 0 to 36 (1 point for each correct
answer), was considered. The Cronbach’s alpha of the scale was
0.85, according to the test manual.

2. Morpho-syntactic comprehension. Children were presented
with three pictures representing three different scenarios.
For each picture, they were asked to identify or manipulate
elements of the scene by comprehending different types
of sentences pronounced by the examiner (e.g., the child
had to correctly place a card depicting a book after
hearing a sentence such as “The book is under the
pillow”). The morpho-syntactic structures investigated were:
singular/plurals, locatives, active/passive, and relative clauses.
A total of 18 sentences were presented, and for each of them,
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a score of 2 (correct answer at first attempt), 1 (correct answer
at the second attempt), or 0 (wrong answer) was given. The
total score, ranging from 0 to 36, was considered. The scale’s
Cronbach’s alpha was 0.70, according to the test manual.

Non-symbolic Numeracy Skills
The tasks used were taken from the battery Number Sense:
Prerequisites (Tobia et al., 2018), which assesses early numeracy
skills in preschoolers.

1. Quantity comparison. Children were shown two illustrated
baskets and were asked to quickly choose the one with a
greater number of fruits in it, without counting, therefore
relying on estimation processes. The number of fruits varied
from 3 to 20, and the difference in quantity between sets
ranged from 1 to 6 units. A total of 12 items was presented.
A score of 1 (correct answer) or 0 (wrong answer) was given
for each item, for a maximum total score of 12. There was a
Cronbach’s alpha of 0.64, according to the test manual.

2. Seriation. This subtest included two tasks: (a) First, children
were asked to put in ascending order a set of four pictures
of the same object drawn in different dimensions (seriation
with perceptual cues); (b) second, a fifth picture was given
to the child, who was asked to put it in the correct place in
the ordered composition (insertion). For each object placed
in the correct position, a score of 1 was assigned. The total
score, ranging from 0 to 20, was considered. The size seriation
subtest’s KR-20 is 0.89, according to the test manual.

Children’s Measures for the Second
Wave of Assessment
Early Literacy Skills
1. Phonological awareness. This task was taken from the IDA

battery (Bonifacci et al., 2015). It was a task of first syllable
recognition (4 items). Children were given the image of an
object (dog, bubble, sea, and pear) and four images amongst
which the child was required to recognize the one whose
name begins with the same sound [e.g., cane (dog), and casa
(house)]. Each item received a score of 1 for correct responses
and a score of 0 for incorrect answers, for a maximum total
score of 4. The reliability score (KR-20) was 0.78, according to
the test manual.

2. Letter knowledge. This task was adapted from the IDA battery
(Bonifacci et al., 2015). Children were presented with a picture
of a train with one letter (from a to z) in each coach. The
experimenter said the sound of five letters (two vowels and
three consonants), and the child was required to mark the
correct letters on the sheet. A score of 1 was given for each
correct response for a maximum score of 5. The Cronbach’s
alpha of the scale calculated on the study’s sample was 0.77.

3. Early writing. This task was developed for the purpose of the
present study. Children were asked to pretend to be writers,
and they were asked to write five words: their first name, ape
(bee), serpente (snake), coccinella (ladybug), and treno (train).
A score from 0 (absence of signs) to 9 (all letters are correct
and in proper order) was given for each word according to

how the writing approximates the correct writing of the word.
Scores ranged from 0 to 45, and Cronbach alpha calculated on
the study’s sample was 0.87.

Symbolic Numeracy Skills
For being administered collectively, these tasks were adapted
from the battery Number Sense: Prerequisites (Tobia et al., 2018).

1. Number recognition: Children receive a card with the digits
1 to 9 randomly distributed on a grid among blank squares.
It is similar to a bingo card. Children are required to sign
the number read aloud by the experimenter with a different
colored pencil for each number. The examiner named five
different numbers, and the score ranged from 0 to 5. Cronbach
alpha was 0.89, according to the test manual.

2. Biunivocal correspondence. Children were provided with a
card similar to the previous task, but boxes represented sets
of elements (little stars ranging from 1 to 9). The examiner
named five different numbers, requesting the child choose the
set with the corresponding number of stars. For each digit
correctly associated with a quantity, a score of 1 was given
(score range: 0–5). Cronbach alpha was 0.77, according to the
test manual.

Procedure
Questionnaires on SES and home literacy/numeracy were given
to parents during the first wave of assessment. Tasks in the first
wave of assessment were administered individually by trained
psychologists in a quiet room at the children’s school, in a
single session lasting about 30 min. In the second wave, tasks
were administered collectively in small groups of around 10–12
children in a single session lasting about 30 min. Breaks were
allowed if the child showed signs of fatigue. Special attention was
given to ascertaining that children had correctly understood the
instructions; verbal instructions were minimized, and examples
for each task were provided.

Data Analysis
Preliminary analysis on outliers evidenced that few participants
scored over the absolute value of 3 SDs on some tasks. These were
less than 5% of the data, and we were allowed to proceed with the
Winsorizing method (Duan, 1997; Wilcox, 2010), which suggests
modifying outliers at the end of the tails of the distribution
to the highest/lowest value within the distribution that are not
suspected to be outliers. Then we checked the distribution, and
due to a high level of negative skewness for some variables, we
used the ln-transformation on these variables. The normality
of the data improved and finally resulted normally distributed,
particularly with skewness and kurtosis ranging in the limits of
±2 (acceptable values according to Trochim and Donnelly, 2006);
these values are now reported in Table 1.

We did not find any issues of non-linear relationships between
dependent and independent variables using the scatter plot
graphic builder in SPSS v26. We also checked the plot of the
standardized residuals errors by the regression standardized
predicted values and found that all the residuals were distributed
randomly around zero, meeting the homoscedasticity in our data.
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TABLE 1 | Descriptive statistics of measures included in the study.

Measure Mean SD Min–max Skewness Kurtosis

First wave Vocabulary* 32.42 2.54 11–36 0.48 0.17

Morpho-syntactic comprehension* 29.46 4.37 2–36 0.21 −0.49

Quantity comparison* 10.10 1.46 0–12 0.46 −0.56

Seriation* 15.46 4.73 0–20 −0.3 −1.13

Second wave Letter knowledge* 3.91 1.47 0–5 −0.64 −1.10

Phonological awareness* 3.59 0.88 0–4 −1,53 0.85

Early writing* 33.68 10.96 6–45 −0,15 −1.27

Number recognition* 4.67 0.86 0–5 −1.92 1.95

Biunivocal correspondence* 4.72 0.61 0–5 −1.49 0.45

Parents Children’s SES* 47.04 10.60 13.5–61 0.10 −0.93

Home Literacy 11.73 3.28 5–20 0.14 −0.6

Home Numeracy 10.63 2.95 5–19 0.34 −0.37

*Skewness and kurtosis for ln-transformed values.

Therefore, we concluded that parametric tests were suitable
for these data, also considering the increased chance of Type
II error when applying non-parametric analysis to (close to)
normally distributed data (e.g., Hodges and Lehmann, 1956).

Pearson correlations between the main variables included in
the study were performed.

A structural equation model (SEM; e.g., Kline, 2010),
including CFA and path analysis, was applied using Amos
software version 26.0 (Arbuckle, 2016) after transforming the
variables into standardized scores. In this model, four latent
variables were identified: Language, Early Literacy, Non-symbolic
Numeracy, and Symbolic Numeracy, which include respectively:
(1) vocabulary and morpho-syntactic comprehension, (2)
early writing, letter knowledge and phonological awareness,
(3) quantity comparison, size seriation, and (4) number
recognition and biunivocal correspondence. A path analysis
was used to examine the relationship between these latent
dependent variables and SES as the independent variable
through possible mediation of Home Literacy and Home
Numeracy variables.

We also included directional paths from language to literacy
and from non-symbolic to symbolic numeracy skills. This choice
was supported either by the longitudinal design and by previous
research that supported these developmental pathways for
language to literacy (Foorman et al., 2015; Hulme et al., 2015) and
from non-symbolic to symbolic (von Aster and Shalev, 2007).

The second model provides the same four latent variables, but
in this case, the independent variables were Home Literacy and
Home Numeracy, and we included the Home Literacy × Home
Numeracy interaction. The SES variable was included as a
mediator between the independent and dependent variables.

The SEM, including CFA, was run using Maximum Likelihood
as the estimator method; for testing the mediation patterns, the
Specific Indirect Effect Amos plugin was used (Gaskin et al.,
2020). In order to reach a good fit, some adjustments were
made following the suggestion of modification indexes without
changing the key structure of the models (Kenny, 2011).

Multiple indices were used to evaluate models’ fit: Chi-
square test of model fit (χ2); Root Mean Square Error of

Approximation (RMSEA), Comparative Fit Index (CFI), Tucker-
Lewis Index (TLI). A non-significant Chi-square test of model
fit, TLI and CFI values equal to or higher than 0.90 indicate
an acceptable model fit; RMSEA close to 0.08 or lower, indicate
an acceptable fit (Marsh et al., 1988; Browne and Cudeck, 1993;
Hu and Bentler, 1999). Cut-off values for both the RMSEA
(0.01, 0.05, 0.08, and 0.10) and the CFI/TLI (0.99, 0.95, 0.92,
and 0.90) have been commonly used to distinguish between
excellent, close, fair, and mediocre or poor models, respectively
(Hu and Bentler, 1999). In our study, the models’ indexes
suggest a close fit to the data (see Table 3). Considering
the new approach of the equivalence testing (Yuan et al.,
2016), we interpreted our model fit indices more carefully.
We can say that our models are sufficiently acceptable for
describing our data.

RESULTS

Descriptive statistics and correlations among the observed
variables are reported in Tables 1, 2, respectively. SES was
significantly related to both home literacy and numeracy and
with all measures in the linguistic domain. It was also related to
numeracy skills, except biunivocal correspondence and quantity
comparison. Home literacy and numeracy were significantly
related between each other [r(308) = 0.568, p < 0.01], although
not overlapping. Home literacy was further related to all language
and literacy measures except vocabulary and, although to a
lesser degree, with numeracy task of biunivocal correspondence.
Home numeracy was related to all measures in the numeracy
domain and with all language measures except vocabulary. Then,
there were significant intra-domain relationships for all language
measures. For numeracy measures, there were significant
relationships between seriation and number recognition and
between quantity comparison and biunivocal correspondence but
not between quantity comparison and number recognition and
between seriation and biunivocal correspondence. Considering
inter-domain relationships, the highest correlations index was
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found between phonological awareness and number recognition
[r(308) = 0.393, p < 0.01].

To better understand the predictive power of SES on children’s
early literacy and numeracy skills and on home literacy and
numeracy, a SEM was performed (Figure 1), which included
home literacy and home numeracy as potential mediators. The
SEM’s fit indexes were all acceptable (see Table 3).

The hypothesized path from the observed variable (SES) to the
latent variables Language, Literacy, and Non-symbolic number
was significant (p < 0.01), but the path from SES to Symbolic
number was not (p > 0.05). All the other paths in the model were
significant; see Figure 1 for the summary.

The mediation effect from SES and latent variables by Home
Literacy and Home Numeracy were all significantly different
from zero (see Table 3 for the results), concluding that Home
Numeracy and Home literacy have a significant mediation
effect in the relationships between SES and children’s skills. In
particular, we have a partial mediation over Language, Literacy,
and Non-symbolic numeracy and a full mediation over the
Symbolic numeracy due to the significance of the indirect path
only. Finally, language skills at age four predicted early literacy
skills at age five (p < 0.01), and non-symbolic numeracy predicted
symbolic numeracy from age four to age five (p < 0.05). All the
other paths were significant, and the model’s fit was acceptable
(see Table 3).

Model 2
For testing the interaction effects between Home literacy and
Home numeracy on the latent variables referred to children’s
skills (see Figure 2), we first standardized the scores and then
used them in the models. In this case, we included SES as a
mediator between the aforementioned variables. The SEM’s fit
indexes were all acceptable (see Table 3).

Results showed that the interaction effect is significant only
on Symbolic-Numeracy (negative interaction, p < 0.01) and,
therefore, the others interaction’s paths were deleted from
the model. The interaction effect of home literacy and home
numeracy on symbolic numeracy is shown in Figure 3 for a better
understanding. The paths from Home Numeracy to SES and from
SES to Symbolic Number were not significant (p > 0.05). All
the other paths were significant; see the summary in Figure 2.
Concerning the mediating role of SES, we found a significant
mediation effect for both Early Literacy and Language, but we did
not find a significant mediation effect on the numeracy skills.

DISCUSSION

In the present study, we first aimed to evaluate if SES was a
direct predictor of children’s early language and literacy skills and
symbolic and non-symbolic numeracy skills. We also tested if
SES had a direct relationship with home literacy and numeracy
and if these variables could mediate the relationship between
SES and children’s skills. Secondly, we tested if home literacy
and numeracy directly predicted children’s early literacy and
numeracy skills. Finally, we evaluated the interaction’s effect of
home literacy and numeracy on children’s skills through SES TA
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FIGURE 1 | Model 1 on the relationships between SES and children’s early language/literacy and symbolic/non-symbolic numeracy skills with Home Literacy and
Home Numeracy as mediators.

as a mediator. Importantly, this was a longitudinal study that
included two waves of assessment, the first when children were in
their second year of preschool and the second when they were in
their final (third) year of preschool. SES, home literacy, and home
numeracy were collected during the first wave of assessment.

We first explored correlations between the measures included
in the study, and it emerged that SES was significantly
related to all measures excluded biunivocal correspondence
and quantity comparison. Then, there were domain-specific
relationships between home literacy and language and literacy
measures (except for a non-significant correlation between home
literacy and vocabulary) and between home numeracy and
all numeracy skills. Cross-domain relationships were found
between home numeracy and all measures of language skills,
but home literacy was related only with the numeracy task
of biunivocal correspondence. Intra-domain relationships were
found for all language measures but for the numeracy domain,
there were only significant relationships between seriation and
number recognition and between quantity comparison and
biunivocal correspondence. There were also multiple cross-
domain relationships amongst children’s skills, with the highest
value for the correlation between phonological awareness and
number knowledge.

Taken together, these results suggest a complex pattern of
relationships that reinforce the evidence reported in the literature

about reciprocal interactions between SES, home literacy and
numeracy, and children’s early skills as well as cross-domain
relationships between literacy and numeracy (Bonifacci et al.,
2016; Cirino et al., 2018; Koponen et al., 2020; Bernabini et al.,
2020a, 2021).

However, to better understand longitudinal causal
pathways and cross-domain interactions, we developed two
different SEM models.

In the first model, we considered SES to be a potential
predictor of early language skills and early literacy skills, and
symbolic and non-symbolic numeracy skills, including home
literacy and numeracy as potential mediators. Results showed
that SES had significant direct effects on early language and
literacy skills. Home literacy significantly mediated the role
of SES for language skills in the second year of preschool
and early literacy skills at the end of preschool. Language
skills were predictive of early literacy skills 1 year later.
Concerning numeracy, it emerged that SES was predictive of
non-symbolic skills but not of later symbolic skills. Home
numeracy significantly mediated the role of SES on both waves
of assessment. Also, early non-symbolic skills were significantly
related to later numeracy skills. Considering the amount of
variance explained in the model, this was higher for the second
wave of assessment compared to the first and for early literacy
(0.27) compared to symbolic numeracy (0.19).
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FIGURE 2 | Model 2 on the Home Literacy × Home Numeracy interaction on children’s early language/literacy and symbolic/non-symbolic numeracy skills with SES
as mediator.

This pattern of results reinforces some aspects of previous
evidence and offers partially divergent results and new insights.

First of all, given the observed direct path from home
literacy and numeracy to children’s skills, this study reinforces
the body of evidence that highlights the importance of home
literacy on children’s early language and literacy skills (e.g.,
Sénéchal et al., 1998) and that of home numeracy on early
numeracy skills (e.g., Skwarchuk et al., 2014). Secondly, our
results are in line with previous evidence of a direct relationship
between SES and early language skills (Hoff, 2003). Although
there was less evidence in this regard, we found that SES was
also related to early literacy skills. Considering the relationship
between home literacy and early language skills, these results
diverge from those found in the Italian context by Bonifacci
et al. (2021), where no direct path was observed from SES
and home literacy to early literacy skills. The two studies,
however, differ in some critical aspects. In Bonifacci et al.
(2021), the authors also included measures of executive functions
(inhibition and working memory) that may have dampened
the influence of SES. Also, the present study involved a larger
sample and considered home literacy and numeracy as mediators
rather than as independent variables. However, it has to be
underlined that also in the present study, in line with Bonifacci
et al. (2021) and different from previous evidence (e.g., Hoff,
2013), we did not find, at a correlational level, significant

FIGURE 3 | Interaction effect of home literacy and home numeracy on
symbolic numeracy.

relationships between SES and children’s vocabulary. Therefore,
it might be that some cultural differences between Italian and
American/Canadian mothers (Richman et al., 1988; Girolametto
et al., 2002; Hsu and Lavelli, 2005) intervene in the relationship
between SES and early linguistic skills. We might suggest that
more research is needed in different cultural contexts to better
understand the stability of these relationships and the factors that
might intervene.
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Considering the relationship between SES and the numeracy
domain, our results found that SES was significantly related to
non-symbolic but not symbolic skills. These results contrast with
some previous studies (Jordan and Levine, 2009), which found
that SES disparities were differently related to subcomponents
of numeracy skills, with higher gaps in the symbolic tasks and
minor or no differences in performance in non-symbolic tasks.
A reversed pattern was observed in the present study, with
SES being related to non-symbolic skills but not to symbolic
skills. Future studies will need to address this issue with more
comprehensive measures of symbolic and non-symbolic skills.
A potential explanation to the present pattern of results is
linked to the hypotheses that parents with low SES might
have had previous math difficulties and that intergenerational
patterns might mediate the relationship between low-SES and
early non-symbolic skills. In this regard, there is some evidence
of intergenerational pathways in non-symbolic numeracy skills
(Braham and Libertus, 2017; Navarro et al., 2018; Bernabini
et al., 2020b). Since the absence of relationships of SES and
symbolic numeracy skills, it might be that the school context
might act as a protective factor. If children are exposed to
proper early numeracy activities at school, this might reduce the
impact of SES on symbolic numeracy skills. Future investigations
should consider the quality and quantity of school activities
in these domains.

Significantly, this study adds important new insights with
respect to previous literature showing that, although SES
predicted both home literacy and numeracy skills, home literacy
partially mediates the effect of SES on language and literacy
measures in addition to non-symbolic numeracy and fully
mediates the relationship between SES and symbolic numeracy
skills. Previous studies already suggested an influence of SES on
home literacy (van Steensel, 2006) and home numeracy (DeFlorio
and Beliakoff, 2015), although others reported opposite patterns,
with more home activities in low-SES parents (Silinskas et al.,
2010) or no effects of SES on home literacy and numeracy
(de Keyser et al., 2020). To our knowledge, no previous study
evaluated these mediation effects considering together different
components of early language, literacy, and symbolic and non-
symbolic aspects of numeracy skills. We found evidence that
home literacy and home numeracy mediate the relationship
between SES and children’s skills. A previous study found similar
results on first-grade children, but it focused on single measures
of reading and math achievement and only considered mother’s
education as a proxy of SES (Zadeh et al., 2010). Also, in line
with our study Galindo and Sonnenschein (2015) found that
home numeracy mediated the relationship between SES and
math skills. We, therefore, can conclude that all aspects of the
home environment mediated to a certain degree the associations
between SES and children’s skills and that home environment
during the preschool years might reduce the detrimental effects of
low maternal education on children’s ability, for both literacy and
numeracy skills and particularly for symbolic numeracy skills.

As a second aim of the study, we also wanted to understand
the cross-domain effects of home literacy and numeracy and
children’s skills. To this purpose, we developed a model of the
interaction between home literacy and numeracy on the two

different domains, including SES as a mediator. It emerged
that the interaction of home literacy and home numeracy was
not significant in language and literacy skills and non-symbolic
numeracy measures. Instead, it was negatively significant for
children’s symbolic numeracy skills. The analysis revealed that
if home literacy is high when home numeracy is low, this
enhances numeracy skills (mainly symbolic ones). These results
are partially in line with previous studies that found a relationship
between home literacy and numeracy skills (LeFevre et al., 2009,
2010; Anders et al., 2012; Soto-Calvo et al., 2020) and reinforce
the role of language on numeracy skills (Hauser et al., 2010).
It contradicts previous evidence about the possibility that home
numeracy predicts language and literacy skills (Huntsinger et al.,
2016; Napoli and Purpura, 2018). This is a novel contribution
of the present study since, to our knowledge, no previous study
directly addressed this issue, considering literacy and numeracy
skills considered at different time moments. Finally, Model 2
reinforces and enriches findings from Model 1 regarding the
role of SES. In Model 2, SES was included as a mediator of the
relationship between home literacy and numeracy, and children’s
skills. It was found that SES significantly mediates the role
of home literacy on early language and literacy skills but not
that of home numeracy on children’s numeracy skills. These
results suggest that SES might have a more prominent role in
the language and literacy domains compared to the numeracy
domain (Silinskas et al., 2010; Baird, 2012; de Keyser et al., 2020).

There are some limitations of the present study that need
to be considered. First, we did not test specific relationships
of SES and home literacy and numeracy with single literacy
and numeracy factors, although this was partially considered
in correlation analyses. In other words, it might be that SES
might differently affect subdomains of literacy and numeracy,
and this should be considered in forthcoming studies. In
addition, measures of home literacy and numeracy did not
distinguish between formal and informal activities. We opted
for a short questionnaire to encourage greater adherence to
the study, proposing a questionnaire that is easy to fill out by
parents and in line with other studies that adopted a similar
approach (Stephenson et al., 2008; Manolitsis et al., 2013).
However, the absence of information about the differential role
of formal and informal home literacy and numeracy activities
might limit the generalizability of results and would require
further investigation. Finally, the study was conducted on Italian
monolingual children who showed considerable variation in SES
scores but could not be considered a low-SES sample. Other
studies should be performed on low-SES samples and on children
from a migrant background where bilingual exposure in the
home and family environment might differently interact with
SES, home literacy and numeracy variables, and children’s skills
(Bonifacci et al., 2020).

Despite these limitations, the present study adds a significant
contribution to the previous evidence regarding three main
points. First, the study evidenced that home literacy and home
numeracy partially or fully mediated the relationships between
SES and children’s skills, suggesting that home activities might
dampen the detrimental effects of SES on children’s skills.
Secondly, the study highlighted a significant interaction of
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home literacy and home numeracy on symbolic numeracy
skills, suggesting that home literacy might represent a protective
factor when home numeracy is low. Finally, the present
study was conducted on monolingual Italian children and
their parents; Italian is a highly transparent language, and,
since most studies were conducted on opaque language such
as English, the study adds insights about the generalizability
of results of previous studies to different linguistic and
cultural contexts.

These results have potential implications for educational
settings. Given the potential role of home literacy and home
numeracy in mediating children’s literacy and numeracy skills,
the present study indirectly reinforces the importance of
implementing parents’ intervention programs to foster home
literacy and numeracy practices. These interventions might
reduce the negative impact of SES on children’s early literacy and
numeracy skills and possibly on future academic achievements.
Particular attention should be given to low-SES populations
for whom intervention programs might be of specific relevance
and impact. This study also suggests that parents’ intervention
programs should focus on both literacy and numeracy activities.
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